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The Ponderal Index äs a measure of the nutritional Status at birth and its relation to some aspects of neonatal morbidity
F. J. Walther, L. H. J. Ramaekers
Dept. of Neonatology, St. Annadal Hospital, University of Limburg, Maastricht, The Netherlands x l Introduction * Intrauterine malnutrition is generally defined by low birthweight for a gestational age calculated from the last normal period and corroborated by clinical assessment of the infant at birth [16] . However, not all infants affected by in trauterine malnutrition will be included in such a definition äs an unknown percentage of newborns whose birthweight does not fall below the normal for gestational age, have not achieved their füll growth potential [3] . Clinically these infants will be recognized by manifest soft tissue loss, usually called 'wasting'. To facilitate the diagnosis of intrauterine malnutrition at birth it is useful to incorporate body length in the assessment and to calculate ROHRER's ponderal index (100 X W/L 3 ) which assesses
whether an infant appears relatively 4 fat' or 'thin' by quantification of the dissociation of weight and length [3, 12] . Wasted infants will show a relatively small ponderal index irrespective of their distribution on the percentile lines of birthweight for gestational age. LUBCHENCO et al. [9] and MILLER and HASSANEIN [11] provided Standard curves of the ponderal index (P. L) for gestational age. Since GRUENWALD [3] widely explained its benefits several authors have used the P.I. äs criterion to define the state of nutrition of their study groups. These studies have demonstrated that the P.I. at birth is correlated with skinfold thickness [11] , skeletal retardation [13, 17] , postnatal growth [l, 17] and behavior problems and neurological dysfunction at pre-school age [18] .
It is known that small-for-gestational age (S.G.A.) infants (whose birthweight is below the lOth percentile for gestational age) have a higher incidence of asphyxia, hypogjycemia [10] , hypothermia [14] , and hyperviscosity [4, 19] in the neonatal period. Unlike birthweight the relation between the P. L (äs a quantitative measure of the nutritional Status at birth) and neonatal morbidity has not yet been properly evaluated. For that purpose the incidence of 6 common neonatal Problems (asphyxia, acidosis, hypothermia, hypoglycemia, hyperviscosity, and hyperbilirubinemia) was examined in a group of 'unselected' term infants in relation to birthweight and to P.I. distribution.
Materials and methods
The subjects in this study consisted of 500 consecutive live-born infants admitted to the neonatal ward directly after birth. All were Caucasian singletons born at a gestational age between 38 and 42 weeks, äs verified by the DUBOWITZ score [2] . Excluded were infants of diabetic mothers, infants with Rh or ABO hemolytic disease, and infants with fetal diseases (congenital infections and anomalies, chromosomal aberrations). 55% of the infants were admitted for observation after an artificial delivery, 22% because of signs of intrauterine malnutrition, 8% because of overweight, and 15 % for a variety of reasons. Weight and length were measured after birth using methods previously described [12] . Of each infant 0300-5577/82/0010-0006$02.00 © by Walter de Gruyter & Co. · Berlin · New York the percentile of birthweight for gestational age 3 Results was established allowing for sex and birth order [7] . Furthermore the P. I. (100 X weight in grams/ length 3 in cm) was calculated for each infant and its distribution on the percentile charts of MIL-LER and HASS ANEIN [11] was established.
The next Information of all infants was collected: APGAR scores at l and 5 minutes after birth; arterial umbilical pH; rectal temperature at admission; blood glucose levels at 1,2, 3, 6, 12, 24 and 48 hours after birth; venous haematocrit levels if capillary haematocrit values from a pre-warmed heel amounted to 70% or more at l and/or 3 hours after birth [17] ; and serum bilirubin levels in case of neonatal jaundice. The variables assessed in this study were defined äs follows. Neonatal äs-phyxia was diagnosed in infants who had an APGAR score of 0-3 at l and/or 5 minutes and required at least one minute of positive pressure Ventilation before respiration occurred. Acidosis was defined äs an arterial umbilical pH < 7.09 [5] . Hypothermia was defined äs an admission rectal temperature < 35.5 °C. Hypoglycemia was defined äs a blood sugar concentration < 1.6 mmol/1. Hyperviscosity was defined äs a venous haematocrit > 65%. Hyperbilirubinemia was defined äs a total bilirubin concentration > 200 /1. As a routine clamping of the umbilical cord took place before l minute after birth of the infants. All vital problems were managed by a paediatrician in the delivery room. All infants in the study were subjected to an early feeding practice. The distribution of discrete variables were compared by chisquare.
The distribution of the infants by birthweight for gestational age and by P.I. is presented in Tab. I. The distribution by birthweight differs significantly from the distribution by ponderal index. Whereas 119 of the 500 (23.8%) infants had a birthweight below the lOth percentile for gestational age (and were S.G.A.), only 80 of the 500 (16.0%) infants had a P.I. below the lOth percentile (and were wasted). As 46 of the 500 (9.2%) infants had both a birthweight and a P.I. below the lOth percentiles, there exists a firm correlation between these two parameters (X 2 = 59.639, DF = l, p <0.0005). 73/119 (61.3%) S.G.A. infants had a P.I. on or above the lOth percentile and were not severily wasted. 34 Infants had a P.I. below the lOth percentile and a birthweight on or between the lOth and 90th percentiles, indicating that 8.1% of the A.G.A. (appropriate-for-gestational age) infants were clinically wasted. Tab. II shows that asphyxia (X 2 = 12.921, DF = 5, p < 0.025), acidosis (X 2 = 11.674, DF = 5, p < 0.05), hypoglycemia (X 2 = 14.671, DF = 5, p < 0.025), hypothermia (X 2 = 37.221, DF = 5, p < 0.0005), and hyperviscosity (X 2 = 17.235, DF = 5, p < 0.005) were significantly more often diagnosed in infants with a small P. I. A statistically significant correlation between the P.I. and hyperbilirubinemia was absent. As 11 of the 42 infants with asphyxia also presented acidosis, a significant correlation between acidosis and asphyxia could be established (X 2 = 15.845, DF = l, p < 0.005).
Tab. I. Distribution of the study group on the percentile charts of birthweight and of the ponderal index (percentages Infants whose birthweight for gestational age is low, had a higher incidence of hypoglycemia (X 2 -12.327, DF = 5, p < 0.05), hypothermia (X 2 = 33.484, DF = 5, p < 0.0005) and hyperviscosity (X 2 = 44.680, DF = 5, p < 0.0005), (Tab. III). Asphyxia, acidosis, and hyperbilirubinemia were not significantly related to low birthweight infants, though the incidence of asphyxia was süghtly higher in S.G.A. infants. One or more of the 6 investigated neonatal problems were diagnosed in 57/119 (47.9%) S.G.A. infants, in 41/80 (51.2%) infants with a P.I. below the lOth percentüe, and in 30/46 (65.2%) infants whose birthweight and P.I. feil below the lOth percentiles.
Tab. IV points out that in general infants with a birthweight and a P.I. below the lOth percentiles showed more often neonatal problems thän wasted A.G.A. infants and non-wasted S.G.A. infants. Hyperviscosity is an exception to this rule äs it was more often seen in both wasted and non-wasted S.G.A. infants. Hyperbilirubinemia centred around the 50th percentiles of both birthweight and the ponderal Index and its incidence was not increased in any of the 3 subgroups defined above.
Discussion
Except the indicated limitations, assessment of fetal growth by means of birthweight for gestational age regularly throws up problems in daily practice. For example insufficient infonnation about the gestational age may hamper the Interpretation of birthweight, whereas infants of different race, sex, and birthrank cannot be compared without the consultation of different Standard graphs of in trauterine growth. The use of the ponderal index may then be of great help äs it is relatively independent of race, sex, birthrank, and gestational age at term [11] . As the P.I. also points to wasted infants whose birthweight is appropriate for gestational age (about 8% in this study) and quantifies intrauterine malnutrition, its advantages are obvious in daily practice. However, birthweight for gestational age has yielded important Information about the relationship between intrauterine growth retardation and neonatal morbidity and mortality. It continues therefore to deserve its place in the classification of infants at birth. In need of more Information aboutthenutritional Status at birth it is advantageous to consider the P.I. Of the six neonatal problems assessed in this study only hypoglycemia has been analysed in relation to the P. L before. JÄRAI et al. [6] investigated a mixed group of preterm, term, and postterm S.G.A. infants using different indices of body proportions and pointed to the significance of soft tissue wasting (rather than low birthweight for gestational age itself) in the development and diagnosis of neonatal hypoglycemia. The same conclusion emerges from this study. But it also shows that hypoglycemia occurred often in overweight infants (P.I. > 75th percentile and/or birthweight > 90th percentile) whose mothers were free from diabetes. The cause of this phenomenon remained unclear. Generally speaking it can be said that the P. I. is equal to or surpasses birthweight for gestational age äs a tool to predict neonatal problems like asphyxia, acidosis, hypoglycemia, and hypothermia. Though hyperviscosity is more common in infants with a small P. I., it occurs especially in those infants whose birthweight falls below the lOth percentile. A, proper explanation of this fact is unknown to us and will need further study. Though low values of the arterial umbilical pH correlated well with a low APGAR score (äs shown by HUISJES and AARNOUDSE in a recent study [5] ) and the necessity of positive pressure Ventilation, this relation was not complete äs only one fourth of the asphyxia cases presented with severe acidosis and the other way round. This phenomenon has been laid down in a publication of LITSCHGI et al. [8] who described that especially the combination of a low APGAR score and acidosis resulted in an increased incidence of neurological morbidity. As this combination was mostly diagnosed in the underweight infants who were wasted, this group will be at high risk of developmental problems äs a result of thisproblem. Hyperbilirubinemia is relatively rare in wasted and underweight infants. This is probably due to an advanced stage of functional maturity of the liver post partum brought on by a large blood volume and a higher haematocrit [15] .
Summary
The purpose of this study was to investigate if the ponderal index might be a bettei measure to predict neonatal morbidity than birthweight for gestational age. The ponderal index (100 X W/L 3 ) assesses whether an infant appears relatively 'fat' or 'thin' at birth by quantification of the dissociation of weight and length and is of great help to recognize wasted infants irrespective of their distributiori on the percentile lines of birthweight for gestational age. Except that tjie ponderal index is more informative about the nutritional Status at birth, it is relatively independent of race, sex, birthrank, and gestational age at term [11] . Therefore the ponderal index is an easier tool for rapid diagnosis of intrauterine malnutrition at biith than biithweight for gestational age. The relation between the ponderal index and neonatal morbidity and between birthweight and neonatal morbidity was studied in a group of 500 term infants of various birthweight. The distribution of the infants by birthweight differed significantly from the distribution by ponderal index (Tab. I): whereas their average birthweight centred around the 25th percentile [7] , their average ponderal index centred close by the 45th percentile [11] . One third of the S.G.A. infants and 8% of the A.G.A. infants were wasted. 6 common neonatal Problems were investigated: asphyxia, acidosis, hypoglycemia, hypothermia, hyperviscosity and hyperbilirubinemia. Asphyxia, acidosis, hypoglycemia, hypothermia, and hyperviscosity, r were significantly more frequently diagnosed in (wasted) infants with a small ponderal index, (Tab. II), whereas only hypoglycemia, hypothermia, and hyperviscosity could be related to a low birthweight for gestational age, (Tab. III). Especially the combination of wasting and underweight pointed to a high incidence of neonatal morbidity (Tab. IV). Hyperbilirubinemia was rare in both wasted and underweight infants. It seems warrantable to conclude that like birthweight the ponderal index is a reliable measure of neonatal morbidity. Therefore the calculation of the ponderal index at birth deserves a place beside the estimation of birthweight for gestational age.
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Zusammenfassung
Der Gewichtsindex als Maß für den Ernährungszustand bei der Geburt und seine Bedeutung für die neonatale Morbidität Ziel unserer Untersuchung war zu bestimmen, ob der Gewichtsindex einen besseren Parameter zur Vorhersage der neonatalen Morbidität darstellt als das Geburtsgewicht bezogen auf das Gestationsalter. Der Gewichtsindex (100 X Gewicht/Länge 3 ) sagt aus, ob ein Kind bei der Geburt relativ ,dick' oder ,dünn' ist, indem die Dissoziation zwischen Gewicht und Länge quantifiziert wird. So können schwächliche Kinder erkannt werden, und zwar unabhän-gig von den Verteilungskurven, in denen das Geburtsgewicht auf das Schwangerschaftsalter bezogen wird. Der Gewichtsindex ist aber nicht nur aussagekräftiger bezüg-lich des Ernährungszustandes, sondern auch unabhängig von der Rasse, dem Geschlecht, der Anzahl der Geburten und der Schwangerschaftsdauer zum errechneten Termin [11] . Aus diesen Gründen stellt der Gewichtsindex einen geeigneteren Parameter zur postpartalen Diagnose einer intrauterinen Mangelernährung dar als das Gewicht bezogen auf das Schwangerschaftsalter. Die Beziehung zwischen Gewichtsindex und neonataler Morbidität einerseits und zwischen Geburtsgewicht und neonataler Morbidität auf der anderen Seite wurde an 500 am Termin entbundenen Kindern mit unterschiedlichen Geburtsgewichten untersucht. Die Verteilung hinsichtlich des Geburtsgewichtes unterschied sich signifikant von der Verteilung bezogen auf den Gewichtsindex (Tab. I): während sich das durchschnittliche Geburtsgewicht in der Nähe der 25er Perzentile befand [7] , lag der mittlere Gewichtsindex nahe der 45er Perzentile [11] . Mots-cles: Malnutrition intra-uterine, morbidite neonatale index ponderal, nouveau-nes a terme.
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